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MONTE CARLO SIMULATION OF ION TRAJECTORIES IN THE

MODIFIED PDX THERMAL CHARGE EXCHANGE ANALYZER

by

R, Kaita, S. L. Davis, and S. S. Medley
Plasma Physics Laboratory, Princeton University
Princeton, N. J. 08540

ABSTRACT

An improved design for the present POX thermal charge exchange analyzer

(MACE) has been proposed by one of the authors, in which the five cylin-

drical electrostatic plates for mass separation are replaced by a single

flat, electrostatic deflection plate. An existing Monte Carlo code that

simulated the passage of ions through the MACE analyzer was modified to

examine the feasibility of this change. The resulting calculations were used

to aptimize detector positions and collimation requirements. The first

analyzer to be placed on PDX will be of the old design, similar to the present

PLT analyzer. However, if the design reported here is successful an the test

stand, the future PDX analyzers will all he of the new, single electrostatic

plate variety. A further advantage will be the ability to install as many

as ten detectors instead of the current five, thus providing twice as many

energy channels for each shot. Also, both mass species (H, D) can be

measured concurrently, if desired.
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I. INTRODUCTION
The present PLT and PDX charge exchange amalyzer consists of a stripping
cell, a 120° deflection magnet fer energy resolution, and a set of five
cylindrical electrostatic deflection plates for mass separation.1 The
magnet is used to focus only particles of E and E/2 onto the entrance apertures
of the electrostatic plaies, so by setting the voltage on a given plate, only

one ion species will follow a trajectory of the proper curvature to pass

through the system and be detected (Fig. la.).

Since it is only necessary to separate hydrogen and deuterium igns,
however, the geometry can be greatly simplified by installing a flat, electro-
static deflection plate in place of the cylindrical plates {Fig. Tb.). The

electric field is new normal to the plane of the diagram, and charge separ-

ation is effected because particles of E and E/2 are deflected by different
amounts in this vertical direction after iraversing the same horizontal
distance across the plate.

A Monte Carlo code (MACE‘FOR)2 was originally written to estimate the
absolute efficiency of the existing analyzer. It simulates a source of part-
icles having a spread in both energy and angle as specified by the user. The
trajectory of each particle is calculated in accordance with the electro-
magnetic fields it passes through in the various parts of the analyzer. If
the coordinates of the particle exceed those for an aperture, pote face, or

plate it encounters, the particle is recorded as "lost" at that location

and the trajectory for a new particle is initiated at the particle source.

II. SIMULATION CODE FOR THE MODIFIED MMACE ANALYZER
The new simulation code (MACSYM_FOR) 1is the same as MACE.FOR, except

for slight modifications in the innmut structure, unti) the calculations for
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the passage across the electrostatic deflection plate are done.
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Referring to

Fig. 2, a given particie enters the analyzing magnet and is deflected away

from the 1-axis according to mv2/r=qu. That is, if ds is the element of path

length along the particle trajectory, the 1 and v coordinates of the particle

are generated according ta:

This is because

proportional to

ehint (%% ds m
vy = vi t(FEh e (2)
B @ ) w
<%)1 (g () s (ﬁm]Tg) : 4)

the deflection is proportional to B, and B in turn is inversely

Rmag'

1=1.73 y

If 1 is less than

6.9

the equation for the exit edge of the magnet, the field is "turned off"

(B=1/Rmag=0 such that (d1/ds) and (dy/ds) are constant).

Bevond the magnet edge, the trajectory is unaffected and linear until 1 is

less than

1=1.73 y

9

(6)

the equation for the leading edge of the flat electrostatic deflection plate.

The motion in the 1,y plane is 5till governed by constant d1/ds and dy/ds, but

now, a force normal to this plane is introduced.

It is given by:



m

dzx -

A )

where d is the gap between the plate and ground poteniial, and V is the plate

voltage. From

E=gmi = ;—m(%i—)z . 0)
or

@? = fus? (9)
we get

m a’ = % {10)

(Fp) (d5)?

and hence

d_z% = v . an

ds 2Ed

The x-coordinate (normal to the plane of Fig. 2) now changes by

Xp =Xt (gé)i ds (12)
2
(%"5)1 (‘3‘2‘)1-1 + (Sdl;%) ds {(13)
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The calculation continues until either x is larger than d, in which case the

particle is recorded as having hit the plate, or 1 is less than

1=74y=94 |, (15)

the equation for the exit edge of the electrostatic plate. Any particle that

gets this far is considered detected.

IIT. RESULTS

Two mass separation cases were tried. The first used particles having

energy spreads of 0.85 < E < 1.15 and .425 < E < .575. This simulated the

situation where hydrogen ions of energy spread 0.85 < £ < 1.15 were to be

detected. Figure 3 shows a plot of vertical (x-direction) deflection (cm) as

a function of distance {cm) along the detector plane. A primary reason for doing

a computer simulation was to study the effectiveness of the new mass separation
scheme in resolving the hydrogen ions from the deuterium jons, Therefore,
although the less energetic deuterium itons would be lost on the electrostatic
plate and not detected in this first case (the distance between the plate and
ground being 4 cm), the distribution of these ions was still plotted on Fig. 3
to make sure that it did not overlap with the distribution for the hydrogen

ions, and hence give spurious contributions to our measurements. What we

actually find is that the two ion species are clearly separated, and it appears
that a 0.8 cm wide detector centered at 2.5 cm should detect most of the

hydrogens. It is important to note that 2.5 s the mean total vertical
defiection, so that if particles are assumed, for example, to enter the

electrostatic plate vegion 1 cm above ground, the detector should be placed at
a height of 3.5 cm,
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Figure 4 shows the dispersion of particies along the plane of the detector
as a function of particle energy along this plane. What this
suggests is that for an energy resclution of + 0.1 at £ = 1, a vertical slit
of about 1.3 cm in width should be sufficient. For *+ 0.1 at € = 5, however,
a stit of width 0.8 cm is needed.

The second case used particles having energy spreads of 1,70 < E < 2.30
and 0.85 < E < 1.15 {or equivalently, a case where the plate voltage is halved).
Here, deuterium ions of energy 0.85 < E < 1.15 were to be detected. From
Fig. 5, it can again be recommended that we use a 0.8 cm wide detector
centered at 2.5 cn. According to Fig. 6, we also require a vertical slit of
about 1.6 em in width for an energy resolution of + 0.1 at £ = 1, and a slit
of about 0.5 cm in width for comparable resolution at £ = 5. This tendency of needing
a decreasing slit width with increasing energy, incidentally, agrees with exper-
ience from the existing five-channel MACE analyzer. In the two cases discussed
above, the plate potential was fixed at 1 kV and the angular spread of the
incident particles was A$ = 0.03 radians (1.7°), or more than enough to flood
the entrance of the MACE system,

These calculations were repeated using entrance and exit fringe fields for

the MACE magnet of the form:

B {w) =172 (1 - tanh{u)) {16)

fringe

where u is the distance between the ion and magnet edge. A plct of vertical
deflection of particles having energy spreads of 1.70 < E < 2.30 and

0.85 < E < 1.15 as a function of distance along the detector plane if these
fringe fields are imposed is shown in Fig. 7. The relationship between
partincle energy and distance traveled in the electrostatic field is not linear

for a fixed vertical deflection, and because the exit edae is straight, we
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continue to see a slight curvature in the mean locatior of the particles
across the detector plane. This can be easily corrected when the plate is
actuaily built, but even in the design studied here, the ion species, though
shifted slightly in absolute position, are still clearly separated. Further-
\ more, the dispersion curve shown in Fig. 8 indicates that the slit require-

ments for an energy resolution of + 0.1 are essentially the same.

IV. CONCLUSIONS
The Monte Carlo simulation studies indicate that the modified MACE

analyzer should have sufficient mase separating capability. Furthermore,

according to the second case, the design would allow the detection of both
ion species simultaneously if a 0.5 cm wide detector were centered at 1.25 cm

and a 0.8 cm detector were centered at 2.5 ¢m. Although this configuration

is possible with the channeltrons now installed, using channel plates instead

would be both more convenient and economical. The present MACE analyzer, in

contrast, could anly be adjusted for one type of ion at a time. Calculations

that include the effects of a realistic drift distance between the electro-

static plate exit and the detector face and the presence detec‘or apertures

are planned to make the simulation more complete,
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FIGURE CAPTIONS

Figure la. Field gecmetry of present PLT and PDX charge exchange analyzer,

(786362)
Figure 1b.

Proposed new design for PDX charge exchange analyzer,

(786362)
Figure 2. New PDX charge exchange analyzer showing coordinate system

used in ion trajectory calculations.

{786361)
Figure 3., Scatter plot for particles of energy E/2 and E on detector
plane. (786364)
Figure 4, Dispersion of particles of energy E/Z and E along detector
plane as function of particle energy. (786360)
Figure 5. Scatter plot for particles of energy 2E and E on detector glane.
(786365)
Figure 6. Dispersion of particles of energy ZE and E along detector plane as
function of particle energy. (786363)
Figure 7.

Scatter plot for particles of enargy 2E and E on detector plane
with magnet fringe fields included. (7863956)

Dispersion of particles of energy 2E and E along detector plane as
a function of particle energy with magnet fringe fields included.

(796395)

Figure 8.
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